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FUEL CONSERVATION AND CONSTRUCTION EQUIPMENT

I INTRODUCTION

> 1. Army Energy Program Goals. In response 1o the 1973 il embargo by the OPRC
nations. the U.S. Army’s energy conservation program plans were revitalized. The Office of the
Deputy Chief of Staff for Logistics. Army Energy Office, Headquarters, Department of the Ar-

- . my. compiled a comprehensive long-range Army Energy Plan. Generally. the plan identifies
RS y . . .. . ) . ! .
Sl the Army’s organization, goals, objectives, policies, and programs with respeet to energy. The
« Ll . .
S DA energy goals and objectives are:
,
R a. Reduce energy consumption by 35 pereent by the yvear 2000 (hase year-FY75).
EAL) 3 A A A \
'._\%:
N (1) Reduce energy consumption in mobility operations by 10 percent by FY85 with
el \ ) \ )
3 zero growth to the vear 2000 with no degradation to readiness.
e
-t'.-,,] (2) Reduce energy consumption in facilities operations by 20 percent by FY85 and
:'.E.f 40 pereent by the year 2000,
&':.r:
2% Sy B \ . . .o . . . .
o (3) Expand energy conservation education/information and incentive programs for
all Army military and civilian personnel and their dependents,
\' .
o)
: } b. Reduce dependence on nonrenewable and scarce fuels by the vear 2000,
SN o . . . oy
-:;_‘-.' (1) Develop capability to use synthetic/alternate fuels for mobility.
- (2) Increase efficiency of mobility systems by 15 percent.
Py
z{*a
AN (3) Develop capability for facilities to use synthetic gas in place of natural gas.
AOR
b ‘n" . . .
(4) Reduce consumption of heating oil by 75 pereent.
’ -
"?-:; e At a position of leadesship in the puesuit of national encegy goals,
AN -
3
ot 2. Research, Development, Testing, and Evaluation (RDT&E) Program Thrusts.
[ ] g . . -
A& Because development effort is required to reach the Army’s goals. Research and Deselopment
A -
L] . . r q - ) . .
Al (R&D) program planning was required. The thrust of the Army’s Energy R&D plan is divected
;‘-j: at the application and development of the specifie technologies to:
.l
b -
gL - . o .
:;; a. Utilize domestically produced synthetic  fuels  and alternate  conventional
A .{ fuels in military mobile systems.
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b. Develop a family of military engines capable of burning a broad range of

\.. hoth synthetic and conventional fuels.
_.: ¢. Reduce overall energy use through efficiency improvements without com-

- promising flexibility, readiness. or performance.

W

d. Achieve an adequate degree of energy  self-sufficiency for military installa-
oo tions through reduced dependence on petroleum fuels,
:;.:
AN e Encourage  the  commercialization  of  domestie syathetic Tuels  indusiry
e capable of producing mobility fuels for military use,
)

N 3. Progress Toward Achieving Program Goals. The Army has made considerable
z‘:: progress toward reaching established goals. Energy conservation data compiled in 1981 shows
“j energy usage down 13.5 percent from FY75. Should this trend continue, future projections
A forecast an 18.4-percent reduction in energy usage by 1985. However, some analysts predict
— that the US petroleum supply will be nearly depleted before the year 2000. In addition, the
:,.;. cost of petroleum between 1973 and 1974 increased by nearly 300 percent, and the cost con-
S9N tinues upward. Obvionsly from a supply and cost point of view, our dependence on foreign

-':::; petroleum will continue to have a major impact on the Army’s ability to perform its mission.

)

AN

)} 4. U.S. Army Belvoir Research and Development Center’s Role. The Belvoir

e N Research and Development Center plays a significant role in the areas of petroleum fuels,
.', n renewable fuels, synthetie fuels. and reduetion in mobile construction equipment energy con-
:2 sumption. The Engineer Support Laboratory and Construction Equipment Engineering Divi-
' :;‘. sion are working toward meeting the Army energy goals in the area of construction equipment
! energy conservation goals as follows: Reduce energy consumption by 45 percent by the year
2000, reduce energy consumption in mobility operations by 10 percent by FY85 with zero

::'f growth to the year 2000 with no degradation in readiness, and attain a position of leadership
:c'::j in pursuit of National Energy Goals.

BAY

»e . . . . .

~ Apparently. the thrust of the energy projects assigned to the Special Projects Branch is
s to motivate original equipment manufacturers (OEM) to improve the mechanical and ther
™,

modynamic efficiency of construction equipment.

s l‘l
e

%
4
Yoo II1. PURPOSE AND SCOPE
E ‘.l
1
I 5. Purpase. The primary purpose of the report is to recommend an approach for deter- .
o P . . . . . . .
v mining the efficiency of construction equipment. During the course of this work, it became
- S . . . . . I . . .
o elear that more than consideration of construction equipment 1'l|'|c-|4-m-_v 15 rvqmrml if we ex-
Y wt 10 reach the Army's FY 1985 energy consamption goals
.\'.. peet 1o reach the Army s D energy consumplion goals,
gy
iy
6. Seope. The seope of the work was expanded to inelude a review of all the diterature
o nade available through the cemter’s library researeh serviees,
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II. BACKGROUND

7. Non-Development liems (NDU). - Belvoir Researely and Development Center’s eurrent
procurement strategy as il relates 1o constraetion equipment is to procure NDL

' NDI procedures are as follows: NDI will undergo test or evaluation or on=ite opera-
tional test/evaluation for directed procurement items and items 1o he procured in small quan-

tities, prior to type classification. Test data available from commereial contractors. Govern-
i * ment agencies, or other sources will be used to satisfy test requirements to the maximum extent
“2 possible to eliminate unnecessary testing by the test activity. NDI are:
o ) )
(\
a. Items commercially available.
b. Items developed and accepted by other military services.
c. Ttems of other governmental agencies or countries,
Procurement of NDI to meet the new requirements will he made only to satisfy DA
approved materiel requirement documents. Normally NDI materiel acquisition programs have :
certain characteristies: )
4
® Greatly reduced acquisition leadtimes, i
®  Combined acquisition phases. decisions and milestones, 1
® Limited control of materiel design and configuration.
L |
8. Significant Events. Much of the construction equipment that will be in the Army’s
inventory in FY85 was recently bought or is now under contract. Efficiency was not made a
specific requirement so far as the technical data package was concerned.
1
9. Other Considerations. The efficiency of the equipment now or soon to be in the in-
ventory is not known. Also, the efficiency of the replaced equipment is unknown. Our search
through the available literature did not yield information that could be used to determine the
. efficiency of construction equipment; past or present. The impact of the background informa-
tion on our energy program efforts will he discussed in Section 1V of this report.
L]
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IV, DISCUSSION

10. Diseussion.  The ficld of energy conservation is tremendous and oceasionally confus-
ing. Exervthing we do or don’t do impaets energy consumption in one way or another. bat what
that impaect will be is not always understoml. We also found that word nsage is not consistent.
Differem authors will use the same word. sueh as efficieney, to deseribe a multi-facetted con-
cept such as fuel consumption. This report organizes the concept of fuel consumption as it
relates to construction systems o the following general areas of interest: system design,
system selection, svstem operating procedures, system maintenanee and operator training. In
the real world, these areas are not mutually exelusive. Together they intereelate and contribue
to fuel consumption. Efficiency i~ a concept well deflined by engineers. and the concept is
closely related 1o system design, Appendix A lists some general definitions for the word effi-
cienev. From a review of the definitions, we can conclude without equivocation that efficieney
i~ o ritio of some output over some input. On the surlace. establishment of the vatio ey ap-
pear simple.aned in sone cases it is simple. But when acenraey is required. the process requires
carelul attention o detail and application of knowledge from many different diseiplines. The
aceuraey point can become paramount. should the: Army attempt to compare the products of
competing manufacturers. During our literature review. we found many units associated with

the ratios,

vd3  ton. mi, (b)
wal wal gal bph X H Based upon the general
» - ol .

The most common ones were:
definition for efficiency. a strong argument can be made for equating useful work to produc-
tion in all its forms. In some cases. the above efficiency ratios would be satisfactory. but for
our purpose we need more control. In this report, the meanings of the terms given below will be
controlled by using the following units (Table 1).

Table 1. Control Units of Terms

Term Units
Fuel consumption gal, 1h (mass)
Fuel consumption rate gal, Ih (lime may be in min or )
h h
Fuel conservation gal, Ib (mass)

Btu, ft-1b, EB

Efficiency Btu ft-Ilb hp (usually expressed in percent)
Fuel economy dol. mi, vd® ton mi. ete.

y
wal  wal  gal wal
The above efficienes units were selected beciause they require comversion of produetion
units sneh as cubie yards into work or poswer units, and that conversion will highlight many of

the problems associated with determivation of the output portion of the efficienes vatio found

tn some ol the hiterature,
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Determining the ontput portion ol the efficieney ratio as generally defined  for
carthmoving operations is i complex task. Some of the factors alfecting the determination of
the useful work (output) performed during carthmoving aperations are as follows:

Method of measuring the production,

Conversion to mass (soil density and water content).
Environment.

Operator,

Machine configuration,

Condition of soil.

Condition of machine.

Machine efficiency (mechanical and thermodynamie).
Machine speed (all Tunetions).

The factors listed above are not all inclusive. but the list shows the depth and breath of
the problems encountered when attempts are made to prediet machine efficiency hased on real
world  production tests. Unfortunately. none of the available literature  gquantitatively
addressed the interrelationships of the output factors in an organized fashion. To compound
the problem, we must add the fact that equipment efficieney is only a subset of fuel consump-
tion. The Army’s final energy goals are expressed in terms of consumption. and the factors con-
trolling petroleum consumption include those identified in the list above in addition to those
listed below,

Quantity of work performed.
Environment.

Operator (performance and training).
Machine configuration (including size).
Condition of soil.

Machine efficieney (mechanical and thermomodynamice).
Machine speed (all funetions).

Waork management,

Machine maintenanee.

Fuel evaporation,

Waste,

Pillerage,

Contaminalted fuel.

Seleetion of engine oil and el

Our literature search yielded little information on the interrelationships among the fae-
tors. It is also conceivable that improvements in one factor may adversely impact fuel conser-
vation. As an example, improving the efficiency of a hydraulic control may change the feel or
response of a loader bucket operation in a manner that reduces production because of human
factors considerations. In addition. the magnitude of the impact of each factor on petroleum

T O R O S e S OOt
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( conservation is unknown. Much more research and testing is needed before we can identify
those factors that would vield the greatest fuel savings with the least expenditure of program
X A - - -
J':-' resources. The need Tor initiating in the construction operations field a petrolenm management
D . . . . .
:.- program that considers all of the arcas and factors mentioned is great.
.
2>
o Another area in the field of petroleum consumption is the development and establish- -

ment of methods to predict required petroleum supply. The Army Energy R&D Plan lists seven
exi=ting methods and states that three additional methods are being reviewed by the Logisties
Center, Fort Lee, Virginia. These methods are listed in Appendix B of this report for informa-
tion. Appendix B of the Army Energy Plan contains a review and evaluation of cach method.

Of interest here is recognition that the fuel consumption within an Army organization is
\ related to many factors. The factors identified in the plan include: intensity of conflict. level of

AN commitment. terrain temperature, type of equipment. and quantity and type of subordinate
N units. Also, the best methodology for estimating fuel consumption will balance aceuraey witl
A economics. The methodology must be aceurate in the sense that it prediets the consumption «
) . . . T . . . .

o a given unit under given conditions within a narrow range of expected values and with a high
“d degree of confidence. The methodology selected should make predictions quickly and at low

' cost. wsing existing data or data that can readily be extracted from available sourees. Also, im-
o ,. " )

Y . . . . . P . o . .
N lied is that the prediction of Tuel requirements. onee made, can be useful for the purpose in-
I . , ) ,
S tended. The Army hopes 10 use the fuel consumption data base developed to support the fuel
-, . . . . . . .

A consumption estimating methodologies and 1o assess the impaet of energy conservation R&1)
. projects on the Army’s fuel requirement, TECOM's field testing procedures for determining

> vehicle fuel consumption are uniquely set up to support methodology B-6, Appendix B.

X

<+,

Ry
R One of the ohjectives of this report is the investigation of existing methods used to deter-
0 mine the fuel consumption of mobile construction equipment. Five methods were found and

they will be discussed in the following order:
NN ® TECOM Test Operating Procedures (TOP).
-n
SN @ Original Equipment Manufacturers’ (OEM) Field Tests (Cater-
A . .
pillar Tractor Co.). i

o @ Socicty of Automotive Engineer (SAE) Recommended Practice (SAE J1166), |
I 3 '
’.

:-{ @ Dyvnamometer Testing Procedures.

%)

L
@ Math Models,

"'-
it The first three procedures are Tield tests and the fourth is a simulated load procedure,

d M I e wsed 1o determine fuel cons ion hecause thei

}’: ath madels should not be wsed 1o determine fue consumption hecause their purpose s to
L")

s prediet. They were included here because of their wide-spread usage in fuel conservation
O studies, o
o
g
R

Y
o 6
.
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a. TECOM has prepared TOP and test guidanee for many tyvpes of construetion equip-

ment. The test objective is to determine to what degree an end item and its components perform
their mission as deseribed in the requirements documents (specification. LR. ete) and to deter-
mine the suitability of the end item and accompanying maintenanee iest package for Army
use. Most of the TOPs reviewed (see Appendin €) no longer vequive determination of fuel and
oil consumption tests except for cranes (TOP 9-2-00-1). However. fuel consumption tests may he
added to any equipment test by the responsible developer. For sehicles, TOP 2-2-603 is used
whenever a fuel consumption test is required. TOP 2-2-603 is used to determine the fuel con-
sumption of transportation and engineer type vehicles, Procedure for controlled tests and tests
to simulate serviee operations are deseribed. Controlled tests are used 1o determine fuel con-
sumption in the road-load. full-road, no-load. APGs standard fuel consumption conurse amd
work-function modes of operation. Full-load tests are performed with drawbar pull tests as
deseribed in TOP 2-2-604. No-load tests are performed with the transmission in neuatral and
the engine operated at speeds ranging from rated idle speed to governed engine speed. Road-
load testing is performed with the vehicele loaded 1o its rated payload. Then. the vehiele is
operated at constant speeds over a level, paved test course at not less than four equal in-
crements of speed over the operating range of the vehicle in each gear. The test method used to
determine fuel consumption with the vehicle performing in its normal work modes is described
as follows: Measure fuel consumption while the vehicle is performing each work funetion for
which it is designed. The following data are colleeted:

(1) Work function performed.
(2) Length of time funetion was performed (operating hours).
(3) Fuel consumed per work funetion evele (gallons or ponnds).
(‘) Fuel temperature,
(5) Road and engine speed. where applicable.

Fuel consumption may be measured in Ih/h or gal/h.

h. Original equipment manufacturers (OEM) are studying and comparing the fuel con-
sumption of their equipment to other OEM equipment. Caterpillar Tractor Co. has reported
the results of fuel consumption studies of wheeled loaders, tractors. and road graders, Simula-
tion and typical work mode test procedures were used in the field tests. A design blade load
simulation test procedure was used to evaluate road graders which were tested in Towa. Three
different drawbar loads were applied to the blade by antaching it 10 a load-carrving sled. The
sled load was changed to simulate the blade loads. Tractors were tested in the soils and work
modes as shown in Table 2.
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Table 2. Tractor Tests

Work Mode Suil Place
Ripping Caliche Arizona
Pushloading Caliche \rizona ’
Dozing (uphill. downhill) level Caliche \rizona
Dozing Clay loam Peoria
Sandy loam Arizona

Loaders were tested in three typical work modes: load and carry-level and uphill, truck-
loading (bank and stockpile material). and trench backfill. Caterpillar Edwards Demonstra-

tion Arca was used during the test.

The weight of fuel consumed and volume of soil displaced andlor moved were collected

for cach test. The units of production for the tests were reported in ratio form as follows (Table

3
Table 3. Production Units
Item Ratio
Loader LCY
|
gal
Grader gal: mi
h wal
Tractor BCY gral
gal h
where: LCY - Loose cubie yards, and
BCY - Bank cubie yards. '
8
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¢. Society of Automotive Engineer (SAE) Recommended Practice. SAE has
published procedures Tor testing the fuel consumption of passenger cars amd light teacks.
procedures for construction equipment have not been published. O interest is SALE
JUTO0a- Operator - Station Sound  Tevel - Measurement Procedure for Farthimoving
Machiners - Work Cyvele test becanse work eveles thiat could he usetul Tor Tuel consamption
testing are deseribed for the machinery listed as follows:

@® Crawler loaders.

® Wheel loaders.

® Dumpers - rear, side, and bottom.
Tractor scrapers.

@® Graders.

® Crawler tractor with dozer.

@ Wheel tractor with dozer.

® [ad foot wheel compactor with dozer.

® Backhoes.

@ Hydraulic Excavator.

In addition to specifying the operating conditions for each item of machinery. the
general test site requirements applicable to fuel consumption testing are given as follows: The
site should be a uniform plane of earth with a maximum slope of 3 percent in any direction; all
material in the test area should have a density of approximately 3000 Ib/yd® where machinery
configuration or location makes it impractical to use a test site as deseribed above: sites with
other conditions, such as field job sites, may be used. The operating conditions for cach
category of machine are generally based upon normal field use. practical test considerations,
and most importantly, the impact the procedures would have on the acearaey of the noise level
measurement. Engine speed, gear range. and duration of the work eyele are controlled for cach
test, Table 4 shows the engine speed eriteria for cach machine category and work evele.
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Table 1. Engine Speed Criteria

Equipment Category Engine Speed Other Conditions
Crawler loader Max governor setting Loose stockpile
Wheel loader Max governor setting Loose stockpile
Dumper Max governor setting Loaded haul. intermediate speed’

31 of max governed speed Empty return., high speed?

Tractor seraper Man governor sefting Loading mode
Crawler tractor Max roveror setting Dozing. low speed?
Pad foot wheel compactor with dozer Mas governor selting Safe speeds
Back b 853% £ 20 of rated engine speed Trenching, virgin soil
Hydvauliv exeavitor Mo governor speed Trenching, virgin <l
Noles:

1. Intermediate speed - Second gear of 3= or dspeed transmission,
Third gear of 5- ar Ospeed transmission: and

Fourth gear of a 7- or 8xpeed transmission,

2. High speed - Highest working gear (manual transmission).
& L -~
Requirements for automatie. hydrostatic transmissions are also given.

3. Low speed - First gear of a 5-xpeed transmission, and
Second gear of a 6 or greaterspeed transmission.

d. Dynamometer. When vehicle fuel consumption measurements are performed on
a chassis dynamometer, the dynamometer is usually adjusted to simulate the road experience
(road-load) of the vehicle. Apparently, many methods are used to determine road-load. and the
chosen method is selected beeause it hest fits a particular situation. Some commonly used
methods for road-load determination are: drive line foree or torque measurements, manifold
pressure measurements, and deceleration or coast down technique. The coneept of the coast
down is to determine the deeeleration rate of a freely coasting vehicle. The coast down method
was used in a study undertaken to develop math models to predict the dynamometer adjust-
ment forces appropriate to simulate the on-road experienees of light-duty transportation trucks.
This study concluded that the aerodynamic drag of light-duty trucks and vans is a more ac-
curate method of predicting the dynamometer power ahsorption than predictions based on the
vehicle weight. The mathematical relationship between vehicle frontal area and speed was
used to caleulate the dynamometer adjustments 1o be used for each test.

The Environmental Protection Ageney (EPA) uses dynamometer tests to determine
the fuel consumption quantities shown on new fuel economy labels. The EPA test procedure re-
quires that a vehiele shall he deiven over a preseribed driving evele onaehassis dynamometer
and that the Fuel consomed shall he calenlated from the measueed composition and quantity of

exhans L3 B |n'm|m'c'1|.

10




e. Math Models. All of the mathematical model studies investigated recognize the
need to quantifly the relationships between a vehicle’s expected performance and the efficienes
of the vehicle’s funetional subsystems. Most of the work was done in the area of transport type
trucks and cars. However, reports dealing with the fuel consumption of erawler tractors and
the fundamental parameters of vehiele on- and off-road fuel cconomy were also found. Some
of the reasons for performing the studies are as follows:

(1) To evaluate the effect of changes in different performance parameters,

v
(2) To evaluate the effeet of powertrain choice on fuel utilization of heavy ar-
. ticulated vehieles,
'::_: (3) To determine the fuel consuming characteristies of a typical crawler tractor with
;:‘,:- bulldozer under various operating regiments. The results were used to suggest various methods
.Q.:: to reduce fuel consumption.
T
. (4) To be used in computer simulations of vehicle behavior over typical duty eveles,
P
.
:_.\\-; (5) To evaluate trade-offs between fuel consumption and desired performance.
- 3
?\-} Apparently, construction of a mathematical model is a relatively straight for-
ward matter provided that the operating characteristics of each subsystem and component are
: AT adequately defined and all the necessary parametric data are available. Some investigators
Sy were unable to get all the information needed and their models are semi-empirical. Other in-
t:'v' vestigators reported going through the long and tedious procedure of huilding and l(‘.\'lil.l;:
s numerous prototypes for each subsystem and for the working parts of cach vehicle to obtain
SN the required engineering data. After a suitable data hase is established. the use of compuier-
. simulation for predicting vehicle behavior and performance over specifie duty eveles saves
:"' time and money. Also, analysis of the resulis of the simulations has disproved some commonly
:..:v' held ideas about vehicle drivelines. Computer simulation teehniques can be used to optimize
o engine capacity, seleet equipment size, prediet fuel consumption, and analvze the impact of
S design changes on vehicle performance and fuel consumption, to mention only a few of an
P endless number of possible applications. Some investigators have reported gomd correlation
‘-;::‘ between the fuel consumption predicted by computer simulations and the actual amount of
N . fuel measured during field tests.
%90
\:.\' The five methods just reviewed all show the connection between fuel consumption
o1 . and performance, and the concept of efficiency is embedded to some degree in each one,

TECOM’s TOP measures the time a machine spends performing a specific function but does
not measure or record the quantity of earth removed. On the other hand. Caterpillar Tractor

. Co. highlights the relationship hetween fuel consumption and performance. They recently
o began 1o publish fuel consumption/performance information on competitor machines ax well
e o . ' . . . . pe
o as their own, The method used 10 measure the quantity of carth moved was not identified. A

o

o
AY
. 11
-_'. q
»

97

&'ﬁ

4“.f K

= AL WY

)

-



LA

,

[

£y
F

A
" 208

!

L
N

e

A

.7,

discussion of the methods used to caleulate earthwork and their accuracy is contained in Ap-
pendix D. The EPA is required by law to publish fuel economy information on all automobiles
sold in the United States. The initial controversy over EPA’S methods for determining fuel

cconomy has subsided. and it now appears to have gained some aceeptanee becanse no one has

come up with a better way.

(. Advantages and Disadvaniages,

Al of the methods diseussed have advantages

and dizadvantages when viewed from a specifie point of view. In this report. a brainstorming

technique was used to list advantages and disadvantages for cach method as follows:

TECOM:
Advantages

Procedures are available now for all items of
construction equipment.

Addresses the details associated with safety,
maintenance, pretest considerations, instrumen-
tation. and required data collection.

Realistic.

Simple to perform.

Builds data base that is compatible with

method F of Appeudix B for estimating
fuel requirements,

OEM Tests:

Advantages
Production is measored
Realistie,

Opervating conditions defined.

oAl e - .
- o " . . " Cate” Y. Pk -
ML A AL V. 0 . Y AT, Y. ¢

'. ‘.--'t - -l .. . ...‘- ...' .
alhlal s laS el Al sl

Disadvantages

Cost.

Produetion is not measured.

Test subject to weather.
Aceuracy is unknown,

Fuel economy measurement is not
the primary purpose for testing.

Disadvantages
Cosl.
Test subjeet 1o weather,

I’rocedures have not heen established
for all type of construction equip-

ment.

e e e A ACTE N

. b Y R R L
R . . .
PP OIS OO TS AT RO Y|



4

Fxly

\‘,'n",\ 5

——

o S

L

PR
. @ o -

’.

f
- g
o of
CalmatAl

i3

XK,

LA

e
TR
I )

L,

A~
L
ta

s
ArhAL

A, A

35

1 Sy Ay
,:‘.:'.r.r.-‘.-_.!'

Aih

[4

[ N
WP 0,0
D

4

_ﬂ
rs

-

AN hS

Some control of soil type.

Fuel ecomomy measurement is primary

purpose for testing.

SAE J1166 Test Procedures:

Advamtages
Operating proeedures defined
Some control of soil type.
Realistic.

Simple to perform.

Dynamometer Tests:
Advantages
Repeatable.

Vehicle load is controlled.

Nat subjeet to weather,

Vehiele load is measured,

Well suited to comparing different makes

and models of equipment.

Less costly than field tests.

Each vehicle function could be load simu-
lated on test stand and load computer

controlled.

Procedures may not be aceeptable to

all OEM,

Disadvantages
Production is not measured.
Test subject to weather,
Cost equivalent to TECOM test,

Fuel economy measurements are not
primary purpose for testing.

Disadvantages
Realism may be questioned.
Compatibility of dynamometer output
may not he suitable for construetion

Limited information on compatibility
with tracked vehieles,

Procedures for exercising all machine
functions are not available.

Complex.

AV WP G20 0 e 020 M SOOI SR 0
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Credible.

Energy input and output can be measured.

Test equipment can be used for other

purposes. .

Machine efficiency is primary purpose for test.

Math Models:

Advantages Disadvantages
Many iterations of the model are possible Lacks realism.

in a short time period,

Little petroleum is consumed. Models not available.

No construetion equipment required. Only predicts fuel consumption.
A good investigating tool. Required data base not available.
Best description of theoretical efficiency. High initial cost.

Highly complex.
Field tests required to confirm models,

Many different models may be required
for cach equipment type.

Accurate construction equipment data
will be difficult to acquire.

Results will be long in coming.

{
!
€
The five methods were also subjectively evaluated poor, fair, good, and best against |
3 . - . e (3 53 .y 3 . -
the following criteria: Accuracy. quantifiability, repeatability, cost, and acceptability. This !
evaluation was made from an efficiency determination point of view as shown in Table 5. !
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Table 5. Fxaluation of Five Methods

Methad Aceuracy  Quantifiability — Repeatabilin Conl \eeeptabilin

Criteria

. TECOM TOP Poor Poor Fair Goad Poor
: 4 OEM Fair Good Fair Fair Fair
< )
A SAE Fair Poor Fair Good —
. Dynamometer Best Best Best Good Best
f\'.b
Vg Math Models Good Good — Best Poor
.$.',“...
-1
b
e e
, Our effort (Construction Equipment Division) to reduce the fuel consumption of con-
" y . g . . . . g
o~ struction equipment is focused on the estabishment of equipment efficiency requirements for
R end items and development of a vehicle test procedure to confirm compliance with those effi-
g . . .
$:_. ciency requirements. Apparently, that approach was selected because of NDI policy con-
o straints; i.e., limited control of materiel design and configuration. Qur progress is hindered
\ because the data base needed to establish efficiency requirements for construction equipment
AN is not available to the Army. Incident to all of this is the realization that the data base needed
K - . . . . »
o by the Army to estimate fuel supply requirements is also heing eroded by NDI policy and a
" . ~ . . H . : :
oS change in TECOM TOP. TECOM no longer tests commereial construction equipment and even
W F £
"}i il they did, fuel consumption data are no longer gathered routinely. Also. the opportunity to
conserve petroleam in the 1984 to 2000 time frame is slipping away because we are now buy-
.‘._:._‘ ing the equipment that will be used during that period. Working to our advantage is the notion
NN that the construction equipment industry is contimally improving the efficieney of their
NN machines, The industry is motivated 10 do so. hecause of the following:
SN
bl (1) Contractors are cost conseious and profit motivated.
LY
::.:Q . (2) Computers make it practical for the contractor to build a fuel consumption
N data base for different makes of machines.
o
"
%

. (3) Foreign competition.

On the other hand, contractors are not motivated to buy machines based on im-
pressive efficiency percentages alone. More efficient machines must contribute to higher pro-
fits. Consequently, the equipment manufacturers seck out and implement hardware changes
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( that satisfy the contractors profit goals. We may capitalize on the above notions by taking ad-

vantage of the R&D work being done by industry. The literature is full of studies aimed at im-
proving machine efficiency and production. Some of the work going on is listed helow:

Col)
o a4
(e el

(1) Development of light-duty diesel engines,

l‘ .. /.{ ‘. l‘ "

o4

(2) Development of instrumentation to detect and measure machine operating

e
- parameters useful in petroleum management,
.\...
. (3) Development of instrumentation and system to provide equipment operators
e with the information they need to optimize performance and fuel consumption.
A
ha .i! o . .
t‘. (4 Development of multi-fuel engines.
W50
L.
Y ") Deselopnient of continuously variable-ratio transmissions (CV'T).
-
A (6) Production of transmissions with many gear ranges,
Y
- (7) Development of more efficient hydraulic components and systems (multiple
Ay flow pumps, load sensing valves).
-- ’
{ (8) Production of hydrostatie transmissions.
i
o~
N (9) Production of tires that reduce rolling resistance.
o
o o . . . . .
L (10) Studying the impact of maintenance practices on fuel conservation.
5N (11) Radiator shutters.
d'..-
..
A
- The use of diesel engines in our equipment could have a quick and significant
~ impaet (25 to 30 pereent improvement) on our efforts to reduce petroleum consumption. A
‘ review of the divisions TDPs was made and we found 10 specifications that specify the use of
' gasoline engines, This is not to imply that we should simply convert all gasoline engines 10
N diesel engines; a thorough investigation and evaluation is necessary.
.
»
~
- Another approach for achieving results in a reasonable amount of time is to !
. . . o o . !
determine the efficiency of state-of-the-art subsystems and components, and where appropriate,
- 3 A . . . e . . . .
T specify thier nse. For example, the desired engine efficiency could be added to existing engine
N « . e . . . . . . .

) requirements in a TDP. A high degree of suecess with this approach is possible i good judge-
<, . . - .
'_:a_ ment and o systematie approach to the problem is used. As a minimum, the effort <hould in-

2, -
Y elude the following,
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(1) Mission definition for cach item of equipment.
(2) Preparation of a work hreakdown structure (WBS) for cach type of equipment,

(3) Knowledge of the current efficiency of the subsystems at all levels for each type of
equipment,

(4) Allocate efficiency improvement goals for appropriate subsystems based upon the
efficiency of emerging designs and produets,

(5) Evaluate the impact of efficieney requirements on performance and cost.

If we are to meet our energy goals, the search to find ways 1o conserve peteolenm
must be broad based.

V. CONCLUSIONS
11. Conclusions: It is concluded that:

a. Dynamometer load simulation techniques for evaluating efficiency are best suited to
our needs.

b. The data base needed to establish efficiency requirements does not exist within the
Army.

¢. A broad based petroleam management program for earthmoving and construetion
operations is needed.

d. Curremt program resources are inadeguate for achieving timely resulis,
¢. Some tasks that have not been accomplished are:
(1) Near Term:

(a) Research and evaluate usefulness of existing data bases such as EPA engine
emission test procedures.

(b) Evaluate conversion from gasoline to diesel or stirling engines.

(¢) Evaluate conversion from hias to radial tires for selected items of contruetion
equipment,

17
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(«y Deselop a program plan for petroleum conservation management in the
carthmoving and construetion areas,

(¢) Aequire the necessary resources,
(2) Far-Term:

(a) Acquire dynamometer based procedures for determining the fuel economy of
rach type of construcetion in the inventory. starting with the high petroleam consumption items.

(b) Initiate a test program 1o build the data base needed 1o establish fuel con-
sumption requirements for state-of-the-art end items and subisystems,
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~ APPENDIX A
LS )
aa TR ANG AL bRl T
oX DEFINITIONS OF EFFICIENCY
»
e
Y e . : . .
},\-j \-LThe ritio of the useful energy delivered by acdynamie svstenn 1o the enerey supplied 1o
S . : ' '
) 18
0%
NS A-2. The ratio of the work done or energy developed by a machine. engine. ete.. to the
2 . . . ) :
) energy supplied to it
Y]
- A-3. The ratio of the useful energy delivered by a dynamic system (as a machine engine or
3 \ A A 4
) motor) to the energy supplied to it over the same period or cyele of operation.
e e o : ,
i A-4. Thermodynamic efficiency. The ratio of the net energy output in the form of
::.':' useful work to the heat energy input.
ot

A-5. Efficiency of a two-element machine. The ratio of the useful work performed to
the total work received. Also, if a machine consists of a train of mechanisms having the respec-
tive efficiencies e, ¢,. e, .0, the combined efficiency of the machine is equal to the product
of these efficiencies,

. Sourees:
o
:‘, a. Webster's Seventh New Collegiate Dictionary.
L

h. The Random House College Dictionary.
NN ¢. Webster's Third New International Dictionary, Unabridged.
$: d. Engineering Evaluation of Energy Systems. Arthur P. Fraas. McGraw-Hill.

e. Mark’s Standard Handbook for Mechanical Engineers. Eighth Edition.
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‘ APPENDIX B

METHODOLOGIES FOR ESTIMATING FUEL CONSUMPTION REQUIREMENTS*
B-1. Old FM 101-10-1 Method (superseded by B).
B-2. New FM 101-10-1 Method.
B-3. Pounds/Man/Day Method.
B-4. Gallons/Man/Day Method.
B-5. Gallons/Kilometer/Vehicle/Day Method.
B-6. Gallons/Operating Hour.
B-7. STANAG 2115.

Other methods are being considered by a variety of sourees. Significant are the follow-
ing teehniques under review by the Logisties Cemter, Fort Lee, Virginia:

B-8. Percentage of Intensity Method,
B-9. Discrete Posture Method.

B-10. WAFF Method (as described by CAA in (CFP Conference Report).

*
US Aoy Energy R&D Plan. dared 1982,
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N TECOM FIELD TESTING PROCEDURES FOR CONSTRUCTION EQUIPMENT
::j:
e Fest Operations Procedure No. lequipment Deseription
‘.‘
. 9-2-071 Farth loading
s 9-2-082 Sarth moving
o ) 9-2-111 Paving cquipment
m44 9-2-063 Crane, truck, warchouse

R 9-2-166 Air compressors

v 2-2-100 Trucks and tractors

N 9-2-064 Crane

9-4-001 Desert environmental testing

X of construction service and support
e 2-2-603 Vehiele fuel consumption
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APPENDIX D

EARTHWORK COMPUTATION METHODS
(Prepared by J. Rodrigues)

D-1. The computations of earthwork involve the calculation of earth volumes
and the determination of initial and final grades. There are several methods utilized hy
engineers to compute earthwork. The exactness of the computations depends upon the extent
and accuracy of field measurements. Some methods by which to compute earthwork are the
following:

a. Average end area method.
b. Prismoidal formula method.
¢. Grid method.

d. Contour method.

D-2. To compute earth volumes by either of the above mentioned methods, it is
necessary to determine the area of two parallel planes. The following is a list of the various
end area determination methods listed in according order of accuracy.

a. Trapezoidal Rule. By this rule, the area of the individual trapezoids from a
cross section are added to find the total area. The computations are tedious, and its accuracy
depends on the number of regular trapezoids formed.

b. Stripper Method. This is a variation of the trapezoidal rule. The vertical lines
should be closer together to insure greater accuracy.

¢. Double Meridian Method. This method is similar to the method of coor-
dinates, but the computation does not involve the direet use of coordinates, Meridian distanees
are found to form trapefolds and triangles. The double arca of any triangle or trapezoid
formed by projecting a given course upon the meridian is the product of the double meridian
distance of the course and the altitude of the course. The algebraic sum of the double areas are
found, and the area is determined by dividing the sum of two.

d. Planimeter Method. A planimeter is an instrument that will measure the area
of a plane figure when its tracing point is moved around the perimeter of the figure, It is the
most aceurate method for area determination, Although its accuracy depends in finding the
precise settings. which can only be approximated. The efforts of planimeter measurements are
due prineipally to the inability of the observer to follow exactly the houndary of the figure
with the tracing points. Values of area should be determined to 0.01 in2.
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. 1D-3. Volume Determination. Volumes of carthwork  are caleulated by various
o methods, I eross=sections have heen taken, their arcas are determined as deseribed i
preceding paragraphs, and the volumes of the prismoids hetween sueeessive eross=seetions are
.: calealited by any of the following methods:
o
2 - a. Average End Areas.  This is the most common method of determining solumes
~ of excavation. The area of the ecross-sections is averaged and multiplied by the distance
;:l hetween them. This method is sufficiently precise for ordinary earthwork only.
N .
o b. Prismoidal Formula. The use of this formula is justified if cross sections are
N taken at short intervals, and also. when surface deviations are observed and when successive
v cross=section areas differ widely.
o
-é ¢. Grid Method. This is a common method where the volume of a borrow pit is
3 found by cross-sectioning the area before and after excavating. The area is divided into rec-
o tangles, triangles, and trapefolds. The volume is found for the individual sections and then
a added.
', d. Contour Method. Volumes of earthwork can be estimated from contour maps
N\ using vertical cross-sections from contour maps. A profile is shown for cach erossesection, The
A profile is shown with the original ground line hefore and afier the proposed grade. The area
{ hetween these ground lines is averaged for the two erosssseetions and is multiplied by the
by distance between them. The caleulated volumes using this method should be used only for
',:: preliminary estimates,
=
o D-4.Precision of Determining Volumes. There are many factors which affect the

precision of determining earth volumes. The following factors are the most relevant to he con-
3 sidered:

P a. Soil Shrinkage. Shrinkage denotes the fact that 1 yd® of earth before excava-

! tion will occupy less than a yd® of space when excavated, hauled. and compacted. The loss of
material and compaction to greater than original density might contribute to this difference.
-t

"y

gAY,

b. Soil Swell. Swell could he produced by the increase of voids content after

y loosening or blasting rocks.

~3

j =4 c. Horizontal Measurements. Horizontal measurements errors are introduced
> . principally by the manner of holding and reading the tape.

d. Vertical Measurements. Vertical errors are due to rod reading and variation
in the elevation of the ground surface where the rod is held.
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Accuracy depends on the method seleeted, amount of eross section. and control of
the above mentioned factors, The size of these errors varies under various field conditions bat a
probable error of £ 0,05 can be assumed for average field conditions under controlled pro-
cedures,

A reliable computation of area can be obtained with a planimeter and the use of
the prismoidal formula to compute volumes controlling the amount of crosssseetion and field
measurements. The shrinkage and swell pereentage of the soils should be predetermined. Also,
variations of the surface could introduce signilicant errors when small volumes are caleubated.
Their effeet diminishes when high volumes of earth are under consideration,
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